In recent years, the enterococcus has become recognized as a significant cause of hospital acquired infections (1, 2, 3) . In 1984 the Centers for Disease Control listed the enterococcus as the third most commonly isolated pathogen in nosocomial infections in the USA, accounting for 10.4 % of infections (4) . Enterococci were reported to be the cause of 14.7 % of cases of nosocomial urinary tract infections (UTI) and 7.1% of cases of bacteremia. There have also been reports suggesting that the incidence of enterococcal bacteremia has increased in the past 20 years (3, 5) . Enterococci currently are responsible for 8 % of cases of nosocomial bacteremia at the University of Michigan (Table 1) . Whiteside et al. (5) reported that the incidence of bacteremia increased approximately 20 % yearly between 1976 and 1981. Similarly, Maki and Agger (3) noted that the number of cases of nosocomial enterococcal bacteremia increased markedly during the decade [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] , while the number of community-acquired cases of enterococcal bacteremia remained constant. This is supported by the findings of Morrison and Wenzel (6) who showed that the rate of enterococcal nosocomiaI UTI increased progressively from 12. Traditionally, the source of enterococcal infections has been thought to be endogenous, arising from the patients own flora (7, 8, 9) . Recent evidence, however, has suggested that nosocomial transmission and exogenous acquisition of enterococci may occur (10, 11) . The results of these studies indicate that patient-to-patient transfer and inter-hospital spread, well recognized in other bacterial species, can also occur with enterococci.
The Agent: Microbiologic Characterization and Nomenclature
Enterococci have classically belonged to the Lancefield group D streptococci and have been identified in the laboratory by their unique biologic properties (12) . Enterococci are grampositive facultative anaerobic cocci that are able to grow in media containing 6.5 % sodium chloride, 40 % bile or 0.1% methylene blue. They will usually survive at 60 °C for 30 min and can grow at extremes of pH (up to 9.6) and temperature (range of 10-45 °C) . Enterococci also share the ability to hydrolyze esculin with other members of the group D streptococci. Recently, the ability of enterococci to hydrolyze L-pyrrolidonyt t3-naphthylamide has been used as part of a method for rapid screening for enterococci in the laboratory (13). (19, 20, 21) , while MICs of cephalosporins are even higher (17, 22) . Most strains of enterococci are resistant to tetracycline, erythromycin, clindamycin, chloramphenicol and sutfonamides (15, 23) . Many strains are reported as sensitive to trimethoprim/sulfamethoxazole but this probably represents an in vitro phenomenon, since enterococci have been shown to escape the action of trimethoprim/sulfamethoxazole on addition of folinic acid (24, 25, 26) . Vancomycin and teicoplanin, while highly active against enterococci, are not consistently bactericidal (27, 28) . Enterococci are also relatively resistant to aminoglycosides, the average gentamicin and tobramycin MICs being 8-64 ~tg/ml (15, 29) , but high-level aminoglyside resistance is becoming a significant problem in some areas (19, 11, 30, 31, 32 
Reservoirs of Enterococci
Enterococci are normal inhabitants of the human gastrointestinal tract as described by Andrews and Harder (39) , who first applied the name Streptococcus faecalis. Rantz and Kirby (40) reported that they found enterococci in nearly all normal human bowels. In a more recent study Noble (41) (43, 44) . At the same time, studies performed on individuals living in Europe, India, Japan and Uganda showed a predominance of Enterococcus faecium in fecal samples (44) . It was presumed that dietary and environmental factors accounted for the variation in incidence of the different enterococcal species. More recent studies from a wide variety of geographic locations including Japan, Canada, Germany and Scandinavia, however, have shown a predominance of Enterococcus faecalis, only a minority of subjects harboring Enterococcus faecium (45, 46, 47) . It may be concluded that in most geographic locations Enterococus faecalis is found in the feces of most normal adults at a greater frequency and in greater quantities than Enterococcus faecium or other enterococcal species, but that diet and other factors may alter the proportions of the enterococcal species.
Other human reservoirs of the enterococci include the oral cavity, hepatobiliary tract and vagina of asymptomatic women, as well as soft tissue lesions and chronic decubital ulcers. Enterococci are found in low numbers in the oral cavity (48) . In a study of patients with acute leukemia enterococci were found in 24 % of oral washings and/or sputum cultures upon admission to hospital. This percentage decreased with antibiotic treatment however (49) . Another study revealed enterococci in approximately 10 % of cultures of dental plaque of various groups, including healthy hospital personnel and hemodialysis patients (50) . The carriage rate in the vagina of asymptomatic women is slightly higher, ranging from 24-34 % with mean concentrations of 10 7 CFU/g (51, 52). Similarly, Gross et al. (7) found that more than 60 % of men in a Veterans Administration hospital had perineal and meatal cultures positive for enterococci. Enterococci have also been isolated in 5 % of 501 selected cholecystectomy specimens (53) . The major site of colonization in hospitalized patients, however, is soft tissue wounds and ulcers. Horvitz and von Graevenitz (54) found that enterococci occurred in mixed cultures in many wounds but also in pure culture. Seventy-one percent of the pure culture came from wounds with no clinical evidence of infection. Although the gastrointestinal tract is the primary reservoir for enterococcus, the above studies emphasize the ability of the enterococci to colonize diverse sites, all of which may act as a portal of entry for the organism in infection.
Modes of Transmission of Enterococci
Traditionally, the source of enterococcal infections has been thought to be the endogenous flora of the host (7, 8, 9, 40, 55, 56) . One early study which gave credibility to this belief was done by Gross et al. (7) in a Veterans Administration hospital during 1972-1973. The enterococcus was the most common isolate from infected urines in this select population. All but one patient was male and the mean age was 63 years. Also of note is the fact that urinary tract instrumentation had occurred in 30 of 34 patients (88 %). Using antibiograms to identify strains of enterococci, Gross et al. (7) found no clustering when reviewing the positive isolates by location in the hospital. They then studied the environment of nine patients with indwelling -foley catheters and found that four had positive urine cultures (> 105 organisms/ml) and seven had positive rectal cultures. There was heavy contamination of the perineum, meatus and components of the Foley catheter as well as bed sheets in all the patients with positive rectal cultures. Cultures of hands of nursing personnel and physicians revealed that only 10 % were positive for enterococci and all but one strain had antibiograms different from those of the strains found in patients in that location. The authors then prospectively studied perineal and urine cultures of patients once the Foley catheter was inserted. Two patients found to harbor enterococci in their rectum went on to develop positive urine cultures with enterococci which had antibiograms identical to that of the original rectal and meatal isolates. The authors concluded that nosocomial enterococcal bacteremia was usually caused by the patient's own endogenous fecal flora introduced into the bladder with instrumentation of the urinary tract and that there was no evidence of personto-person spread within the hospital (7). This study, which suggests that nosocomial transmission of enterococci may occur, was supported by a second prospective study of gentamicin resistant enterococci by the same authors (10) . At the Ann Arbor Veterans Administration Medical Center all patients admitted to an index general medicine ward or surgical intensive care unit (SICU) over a two-month period were followed up with cultures. Initial cultures in 33 % of patients were positive for gentamicin resistant enterococci. All of these patients had been hospitalized for more than 72 hours before entry to the study. Another 10 % of patients acquired high level gentamicin resistant enterococci, six after admission to the SICU and four on the medical ward. The six patients who acquired their resistant enterococci in the SICU were clustered by location and by the time of hospitalization. Three plasmid types were found in the isolates of these six patients, however isolates from patients in adjacent beds of the SICU as well as an isolate from the hands of a nurse working in that unit were identical in plasmid content. Another patient acquired a high level gentamicin resistant Enterococcus faecalis strain which was identical to a strain of enterococcus causing an outbreak of infection in patients on the surgical ward at the University of Michigan Hospital. Another important finding was that patients initially colonized with high level gentamicin resistant enterococci in their perineal or rectal areas later de- These reports of exogenous acquisition and nosocomial transmission of enterococci resistant to gentamicin and producing or not producing t~-lactamase raise the question as to whether in patients known to harbor these organisms barrier precautions should be applied (2, 3, 10, 11 ). These techniques have been recommended and used for patients known to be colonized with multi-resistant gram-negative bacilli (67) . The importance of the increased use of broadspectrum antibiotics, particularly cephalospotins and aminoglycosides, in selecting for resistant enterococci in the hospital is also emphasized.
Epidemiologic Aspects of Enterococcal Infection
Urinary Tract Infection In the 1984 US National Nosocomial Infection Survey (NNIS), enterococci accounted for 14.7 % of nosocomial UTIs (4). The UK national survey of infection in hospitals in 1980 reported enterococci in 7.2 % of UTIs (70) . The number and proportion of UTIs caused by enterococci appear to be increasing (6, 71) . Lemoine and Hunter (71) noted an increase from 11% to 20 % in catheterized patients' urine specimens with more than 105 organisms over the six years of their study. As mentioned earlier, Morrison and Wenzel (6) found a similar increase in UTIs caused by enterococci. Risk factors for enterococcal UTI have been identified as urinary tract instrumentation or catheterization (6, 7, 71, 72) , other genitourinary tract pathology (6, 7) , and previous use of antibiotics especially cephalosporin (6) . One study noted previously showed that an increase in enterococcal UTI paralleled an increase in cephalosporin use in the hospital (6) . The source of the enterococci, as previously discussed, was originally thought to be the patients' own endogenous fecal flora, based on the study of Gross et al. (7) . Using biochemical tests and antibiograms they showed that patients colonized with enterococci developed positive urine cultures with identical enterococci after urinary catheterization (7) . This assumption must be reevaluted now in the light of the recent study of Zervos et al. (10) . These authors identified several patients with rectal or perineal enterococcal colonization who later developed UTI or wound infections with enterococci.
Using antibiotic sensitivity patterns and plasmid profiles, however, they showed that the urinary tract isolate differed from the rectal or perineal isolate in two out of three cases, suggesting that colonization during catheter insertion, and not rectal or perineal colonization, predisposes to UTI (10) . Bacteremia. Enterococci were reported in the 1984 NNIS (4) to cause 7.1% of cases of nosocomial bacteremia. Again, based on a number of recent studies the incidence of enterococcal bacteremia appears to be increasing (3, 5, 73) . Maki and Agger (3) showed that the increase in enterococcal bacteremia in their hospital was entirely due to nosocomial bacteremia since the incidence of community-acquired enterococcal bacteremia did not change during the study period. In two separate studies 77-78 % of cases of enterococcal bacteremia were hospital acquired (3, 56) . The possible sourcesof enterococcal bacteremia include infection or colonization of the genitourinary, gastrointestinal and hepatobiliary tracts. The most common source of enterococcal bacteremia in several studies has been the urinary tract, accounting for 19-24 % of cases of enterococcemia (1, 74, 75) . Ledger et al. (76) have reported enterococcus as a frequent cause of secondary bacteremia in patients in an obstetric and gynecologic ward with endometritis, postoperative wound infections, pyelonephritis and other gynecologic infections. Other major sources of enterococcal bacteremia include the hepatobiliary tract and intra-abdominal infections (1, 3, 74, 74, 77, 78, 79) . Intravascular catheters were a significant source of enterococcal bacteremia in Maki and Agger's recent study (3) . Finally, soft tissue infections account for another major source of enterococcal bacteremia (3, 74, 75) . Given the nature of the most common sources listed above, it is not surprising that enterococcal bacteremia is frequently polymicrobial (up to 42 % in some cases) (1, 3, 74, 75, 77, 78) . Several recent reviews of enterococcal bacteremia have listed burn wounds as a significant source of enterococcemia (1, 3) . Another study has reported a large increase in cases of enterococcal burn bacteremia associated with a high mortality rate (80 These authors suggest that enterococci are pathogenic in these infections only synergistically with anaerobes. Furthermore, antibiotic regimens with no activity against enterococci have been shown to be effective in treating intra-abdominal infections, even when enterococci are grown (94, 95). Despite such evidence several reviews on bacteremia have revealed that the source of enterococcal bacteremia is intra-abdominal infection in a significant number of cases (1, 3, 80) . There are also several clinical reports of enterococci occurring as sole isolates in intra-abdominal infections (79, 96, 97) . The presence of foreign bodies, such as dialysis catheters, and the use of prior antibiotics appear to be predisposing factors for enterococcal intra-abdominal infections (96, 98) .
Other Miscellaneous Enterococcal Infections.
Enterococci are a rare cause of meningitis in healthy individuals. As discussed earlier, neonates are at risk for enterococcal sepsis and meningitis (68, 69, 81, 82) . Risk factors for meningitis have been identified as anatomical central nervous system defects or prior neurosurgical procedures such as shunt placement, especially if the shunt drains into the peritoneum (99, 100), Other risk factors include enterococcal UTI or endocarditis (99) , however one recent case report described enterococcal meningitis in a man whose only predisposing factor was steroid therapy for chronic obstructive pulmonary disease (101) . Enterococci are rarely implicated as the cause of lower respiratory tract infections. The exceptions are a few cases of enterococcal pneumonia reported in patients being treated with broad-spectrum antibiotics. These reports suggest that more cases of enterococcal pneumonia may arise in the future with widespread cephalosporin use (102) .
Conclusion
The enterococci produce disease in a number of sites but are especially common as causes of deep soft-tissue infection, bacteremia and urinary tract infection. The majority of infections appear to be endogenous but cross-infection has been documented in the hospital, especially with resistant strains. The enterococci seem to be readly selected for the use of broad-spectrum antimicrobial agents, especially the newer cephalosporins. As a consequence of this selection coupled with the emergence of strains highly resistant to aminoglycosides and more recently vancomycin, the enterococci are emerging as problem pathogens within hospitals.
